METHOD FOR ESTIMATING LOCATION OF MOVING OBJECT 
IN NAVIGATION SYSTEM 

BACKGROUND OF THE INVENITON 

Field of the Invention 

rOGOl] The present invention relates to a method for 
estimating location of a moving object in a navigation system, 
which is capable of accurately estimating a next location of the 
object by using a speed of the moving object and a direction of 
the link on a digital numeric map especially when a moving object 
(e.g. a vehicle) goes in a shadow area. 

Description of the Related Art 

10002] Generally, in the navigation system, location 
information of the moving object is provided continuously in real 
time within a range of an allowable error and used for the 
services to display the present location of the moving object, to 
guide a moving path and to recognize an environment. However, 
the wrong location estimation or the discontinuous location 
estimation can affect a movement of the moving object seriously. 
Therefore, it is very important to estimate the location of the 
moving ob j ect . 

[0003] The method for estimating the location of the moving 



°*J*c t i. disclose* in the Ko« M Patent Ho . 21653S (ippli=atlon 
No. 1997-24564) . 

[0004] According to the Korean Patent No. 2l6S3 5, the present 
location of the moving object is found ln a dead reckoning (drj 
technique by using data collected xrom a direction and distant 
sensor attached to the mQ ving object and set to be a first moving 
location. correction is performed on the link on the digital 
numeric map by a map mapping method using a location matching of 
the first moving location and the corrected position is set to be 
a second moving location. The present location of the moving 
object is estimated using the GPS location information received 
from GPS and set to be a third moving location. Correction is 
performed on the link on the digital numeric map by a map mapping 
method using a location matching and the third moving location is 
set to be a fourth moving location. short distance moving 
patterns of the first to fourth moving locations are found, and 
similarities representing how much the short distance moving 
patterns of the first to fourth moving locations are matched with 
the link pattern are compared with each other. The moving 
location having the highest similarity is estimated as the final 
present location. 

r00O5I In such a location estimation method, the location of 
the moving object is estimated using a sensor signal and a GPS 
location data by the dead reckoning technique. 
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rooo 6J Without using the dead reckoning tecimiqu ^ 

sensors such as a ^ and ^ ^ ^ ^ 

depending on rotation direction. TraveUng ^ ^ 

deflected or changed when the moving object stops. Therefore 
the estimated traveling direction can include an error 
Estimation of moving distance by wheel eensore 
due to externa! elements such as air pregsure ^ ^ 
conditions. Accordingly, it is very ^ ^ 

instability of location estimation and- to provide navigation 
service such as a map mapping in gps shadow areas in the 
navigation system without any direction sensor. 

£0007] it is not easy to estimate the locations of the moving 
object such as a mobile telephone having no direction sensors 
such as a gyro and an electronic compass, and the moving objects 
in the shadow areas, in which GPS data are not received, and the 
unreliable regions such as tunnel and ' underground passage in 
which guality of the received GPS Nation data is gre atly 
lowered though the GPS location data is received. it is very 
difficult to estimate the location of the moving object precisely 
due to errors caused during estimation even if the location of 
the moving object can be estimated. 



SUMMARY OF THB INVENTION 
[0008] Accordingly, the present invention is directed to a 



method for estimating a location of a moving object in a 
navigation system that substantially obviates one or more 
problems due to limitations and disadvantages of the related art. 

[0009] It is an object of the present invention to provide a 
method for estimating a location of a moving object in a 
navigation system, which is capable of accurately estimating the 
location of the moving object by using the speed of the moving 
object and a digital numeric map in shadow areas of GPs location 
data such as tunnel and underground passage. 

10010] It is another object of the present invention to 
provide a method for estimating location of a moving object in a 
navigation system, which is capable of accurately estimating the 
location of the moving object by using' the speed of the moving 
object in cheap moving objects having no direction sensors such 
as a gyro and an electronic compass for a dead reckoning 
technique in GPS shadow areas. 

[0011] Additional advantages, objects, and features of the 
invention will be set forth in part in the description which 
follows and in part will become apparent to those having ordinary 
skill in the art upon examination of the following or may be 
learned from practice of the invention. The objectives and other 
advantages of the invention may be realized and attained by the 
structure particularly pointed out in the written description and 
claims hereof as well as the appended drawings. 
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10012] TO achieve these objects „rt „,->, 

oojects and other advantages and in 

accordance with the puroose of • 

purpose of the invention, as embodied and 

hroadly described herein, a method fo r estimating location or a 
moving object in a navigation system comprises the steps of <a, 
receiving GPS location data from a moving object,- ,b, determining 
GPS shadow area by using the rm ^ d ops ^ ^ 

oalculating moving straight distance of the moving object with 
reference to a iast 0 Ps location data in visible regions when the 
moving object is in a GPS shadow area, ,d, calculating vlrtual 
location data by using the calculated moving straight distance o, 
the moving object.- and ,e, calculating estimated location on a 
dxgital numeric map positioned nearest from the virtual location 
data, Md performing a map-matohing to provide a navigation 
service. . 

T0013] m ««« aspect of the pregent invent . on/ a 
for estimating location of a moving object in a navigation system 
comprise, the steps of: (a, receiving GPS loc ation data; (b, 
detertnining GPS shadow area by using ^ ^ 

data; (c) obtaining a map-matching value of a last GPS location 
data in visible regions when the moving object is in a GPS shadow 
area, and calculating mo ving straight distance of the moving 
object with reference to the map-matching value; (d) detecting 
interpolated points and- link of location estimated to be 
calculated moving straight distance of the moving object; ( e ) 



and «, o. timating moving locacion by d . 8tM ^ ^ ^ ^ 

—loat- Of the intorpoUtea point . speed o£ ^ ^ ^ J 



link. 



i„ the pr6eent invenfcion/ ^ iocatiQn ^ ^ 

object in the ahadow area is raore accurately ^ 

Parameters such a S speed of the moving object traveling to the 
shadow area, Action of the link afc ^ ^ 

location on the digital numeric map and link and interpolated 

point on the digital numeric map. 

I001 5] It is to be thafc bQth forego . ng generai 

description and the following detailed description of the presenfc 
invention are exemplary and explanatory and are intended to 
provide further explanation of the invention as claimed. 

BRIEF DESCRTPTTQ1T 0F THE npawTtorag 
[0016] The accompanying drawings, which are included to 
provide a further understanding of the invention and are 
incorporated in and constitute a part of this application, 
illustrate embodiment (s, of the invention and together with the 
description serve to explain the principle of the invention. In 
the drawings : 

10017] FIG. 1 illustrates a navigation system according to 
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the present invention; 

[0018] FIG. 2 is a flowchart illustrating a method for 
estimating a location of a moving object in a navigation system 
according to a first embodiment of the present invention; 

[0019] FIG. 3 exemplarily illustrates a process of estimating 
a location of a moving object according to a method for 
estimating location of a. moving object shown in FIG. 2; 

[0020] FIG . 4 is . a flowchart illustrating a method for 
estimating a location of a moving object, in a navigation system 
according to a second embodiment of the present invention; and 

[0021] FIGs. 5 and 6 illustrate a second embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INV^KTION 
* [0022] Reference will* now be made in detail to the preferred 
embodiments of the present invention, examples of which are 
illustrated in the accompanying drawings. Wherever possible, the 
same reference numbers will be used throughout the drawings to 
refer to the same or like parts. 

[0023] Hereinafter, a navigation system according to the 
present invention will be described. 

[0024] FIG. 1 illustrates a navigation system according to 
the present invention. 

[0025] Referring to FIG. 1/ the navigation system includes: a 



GPS receiver 102 for receiving a location data transmitted from 
three or more GPS satellites 100 through an antenna ANT; a sensor 
104 for sensing a moving distance and a speed of a moving object; 
an input unit 106 for receiving a destination of the moving 
object by a user's manipulation; a map data storage unit 108 for 
storing map data in a storage media such as a compact disk; a 
main controller 110 for determining the present location of the 
moving object with a received signal of the GPS receiver 102, 
receiving a destination . through the input unit 106, setting and 
storing a traveling path to the destination from the present 
location of the moving object with reference to the map data 
stored in the map data storage 108, setting a guide object 
positioned on the traveling path and controlling a traveling path 
guide operation on the location of the guide object; a di splay 
unit 112 for displaying the present location of the moving object 
along with map data on a screen 114 according to the control of 
the main controller 110; an a voice signal guidance unit 116 for 
guiding the traveling path of the moving object with a voice 
signal through a speaker. 118 under the control of the main 
controller HO. 

[0026] First, the GPS . receiver 102 receives a predetermined 
location data transmitted from a. plurality of GPS satellites 100 
and delivers the data to the main controller 110 so as to use 
navigation service. The sensor. 104 senses the speed and the 



moving distance of the moving object and delivers them to the 
main controller 110. 

[0027] The main controller no determines the present 
location of the moving obj act with the received signal of the GPS 
receiver 102 and matches the determined present location of the 
moving object to map data stored in the map data storage 108. 
when the moving object goes from the present location into a 
shadow area, the sensor 104 calculates the moving straight 
distance on which the moving object can move so that the next 
location of the moving object is estimated. 

[0028] m other words, when it is possible to provide the 
service which guides the traveling path of the moving object and 
informs of the present location according to the movement of the 
moving object by using, the received signal of the GPS receiver 
102, the service is provided by estimating the movable distance. 
For this, when the moving object .moves into the. shadow area, the 
moving distance of the moving object is calculated and the next 
location of the moving object in the shadow area is estimated 
using speed and distance of the moving object and link angle with 
reference to the last location of the moving object in the 
visible region. 

[0029] When a. user of the moving object inputs destination 
through the input unit 106, the main controller 110 refers to the 
map data stored in the map' data storage 108, searches traveling 



path from the present location of the moving object to the 
destination, and guides the traveling path of the moving object 
with displaying the searched traveling path on the screen 114 
through a display unit. 112 and outputting guide voice by a 
speaker 118 through voice guidance 116 simultaneously. 

[0030] A method for estimating location of a moving object in 
the navigation system according to the present invention will be 
described below. 

[0031J <First Embodiment> 

[0032] FIGs. 2 and 3 illustrate a first embodiment of the 
present invention. 

[0033] MoBt of all, referring to FIG. 2, the moving objects 
receive GPS location data from a plurality of GPS satellites 
through GPS receivers (S100) and determines whether the moving 
object is in the visible region or the shadow area by using the 
GPS location data received through the GPS receiver (S102) . 

[0034] Here, the criterion to determine whether the moving 
object is to determine whether the moving object is in the 
visible region or the shadow area of the GPS location data by 
using the identifying value on reliability of the received GPS 
location data. Here, the identifying value on the reliability of 
the GPS location data is calculated to be HDOP (Horizontal 
Dilution Of ■ Precision) . code by using a calculation algorithm 
provided from HMEA-0283 ..format. The calculated HDQP code is 
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compared with a predetermined value. As the result of the 
comparison, if HDOP is leas than the predetermined value, it is 
determined to be the visible region. If HDOP is greater than or 
equal to the predetermined value, it is determined to be the 
shadow area . 

[0035] As a result of the determination at the step S102, if 
the moving object is in the visible region of the GPS location, a 
map mapping and a navigation service are performed using location 
data estimated by the GPS .and the dead reckoning (S104) . Then, 
it is terminated or goes to the step S100 according to the 
transmission of the termination . message of the user and the GPS 
location data at the present location where the moving object 
moved to are received -and navigation service is performed using 
the received GPS location data ' (SI 06) . 

[0036] However, if the moving object is in the shadow area of 
the GPS location data as. the result of the determination at the 
step S102, the moving object the- previous last map-matching 
location data is set. to be a reference of the moving, location 
(S108) . The present speed is inputted from the sensor (SilO) . 

[0037] Here, it is determined whether the speed of the moving 
object is zero (S112); As the result of the determination, if 
the speed of the moving object is zero, it- is recognized that the 
moving object stops and the process- is terminated. If the speed 
of the moving object is not zero, .. it. is recognized that the 



moving object is traveling in the visible region and the moving 
straight distance is calculated during estimation unit time 
(S114J. For example, if the estimated time is 1 second and the 
present speed of the moving object is 30 m/sec, the straight 
distance on which the corresponding moving object can move in a 
traveling direction is 30 meters per second. The moving 
direction of the moving straight distance is found in the due 
north reference angle of link positioned in the traveling 
direction at the last map-matching location in the visible region. 

[0038] If a movable : straight distance is calculated during 
the estimated time (S114) . the corresponding location data 
(longitude, latitude) of location spaced from the last map- 
matching location (reference) of the visible region by the 
straight distance will be calculated using Equation 1 (8116). 
Here, the previous map-matching coordinates (longitude, latitude) 
are the longitude and the latitude of the last map-matching 
location before the moving object's entering the shadow area. 

[0039] [Equation 1 

Longitude = longitude of . previous map-matching coordinate 
+ speed of moving object * cos (attitude angle of previous map- 
matching location) * time, (sec) 

Latitude = latitude of previous map-matching coordinate + 
moving straight distanced moving object • sin (attitude angle of 
previous map -matching location). 



Where, moving straight distance of moving object = speed 
of moving object * time, (sec) , and the attitude . angle of previous 
map-matching location is obtained from the due north reference 
angle of the previous map-matching link extension* 

[0040] Similarly, if the location data (that is, virtual 
location) in the moving straight distance of the moving object 
estimated from the reference, the location data is map-matching 
onto the shortest distance on the digital map corresponding to 
the location data (S118) . In other .words, the actual * location 
data of the moving object is moved to the location of the . 
estimated moving straight distance, road on the digital numeric 
map and the shortest distance, and map -matching, so that the next 
location of the moving object can be estimated. 

[0041] It is determined whether the moving object is in the 
shadow area of the GPS location data. If the moving object is in 
the shadow area, of the GPS location data, the moving straight 
distance is calculated from the- speed of the moving object with 
reference to the location data obtained at the step S118 . The 
virtual location data is obtained using the due north reference 
angle of the link and. map-matching onto the location of the 
shortest distance on the . digital numeric map so that a second 
location data are estimated . and' a third location data are 
sequentially estimated with reference to the second location data. 

[0042] For example, as shown in PIG. 4, if the moving object 



M moves through a visible region A, a shadow area B such as a 
tunnel and a visible region C in the traveling direction of the 
moving object, the first location Pi which is map-matching last 
in the visible region a is referred when the moving object enters 
the shadow area B. 

f0043] Here, supposing that the speed of the moving object 
sensed by the sensor 10 m/sec, the distance Dm between a first 
location Pi and an arbitrary moving location Px extending from 
the first location Pi straightly is 10 m. Here, estimation unit 
time has a period of 1 sec. 

C0044J Here, the location data of a moving location Px 
separated from the first location by moving straight distance can 
be calculated using Equation 2. 
10045] [Equation 2] 

Longitude = longitude of PI + io m * cos (01 of Pi) 
Latitude = latitude of PI + 10 m * sin(01 of Pi) 
Where, 9l is a due north reference angle of link 
positioned on extending line in a traveling direction of the 
moving object at the first location and "an attitude angle of 
previous map -matching location. 

[0046] it is noted that Equation 2 is the same as Equation 1. 
[0047] Here, if the location data on. the arbitrary estimated 
location is calculated, the second location P2 on the digital 
numeric map that is the shortest, distance Min D from the location 



data is map-matching and the- map-matching location P2 is 
estimated to be the location to which the moving object moved in 
a estimation unit time. 

[0048] Referring to the map-matching second location P2, a 
third location is estimated using second location coordinates, 
moving straight distance in. the estimation time and due north 
reference angle (attitude angle) of link of the second location. 
This operation is performed step by step according to HDOP code 
transmitted from the GPS satellite until the moving object 
recognizes a good receivable region C of GPS satellite location 
data . 

[0049] < Second Embodiment > 

£005 0] FIGs. 4 to 6 illustrate a second embodiment of the 
present invention. 

t0051] Most of all, referring to FIG. 4, the moving object 
receives GPS location data from a plurality of GPS satellites 
(S200) and determines whether the moving object is in the visible 
region or the shadow area by using the received GPS location data 
(S202) . 

[0052] Here, the method of the moving to determine whether 
the moving object is in the visible region or the shadow area by 
using the GPS location data is an embodiment. For example, HDOP 
(Horizontal Dilution Of Precision) code is calculated by using a 
calculation algorithm provided from .NMEA-0283 format. If HDOP is 



less than the predetermined value, it is determined* that the 
moving object is in the visible region.. If HDOP is greater than 
or equal to the predetermined value, it is determined that the 
moving object is in the shadow area. 

[0053 J If the moving object is in the visible region of the 
GPS location, the location of the moving object is map-matching 
on the street of the digital, numeric map ; by using location data 
estimated by GPS and DR . and navigation service is provided (S204) . 
If a user inputs termination message, the navigation services are 
terminated (S206) . 

[0054] On the other hand, if the moving object is in the 
shadow area of the GPS location data as the result of the 
determination at . the step S2 02, the last map-matching values of 
GPS location data are obtained (S208) ■'. . Here, the last map- 
matching values . are- coordinates (longitude, latitude) 
corresponding to GPS location data and due north reference angle 
of the corresponding mapped ' link with which the traveling 
direction of the moving object can be ascertained. 

[0055] The last map-matching location of the GPS location 
data in the visible region is set to be the reference for 
estimating the location of the moving object in the shadow area 
(S210) . 

[0056] Then, the speed of the moving object is measured and 
it is determined whether the present speed of the moving object 



is zero (S214) . As the -result of the determination, if the speed 
of the moving object is' zero, it ie recognized that the moving 
object stops and the process is terminated. However, if the 
speed of the moving object is not 2ero, the moving straight 
distance during a . predetermined estimation unit time is 
calculated (S216) . The interpolated point and link in the 
calculated moving straight distance are detected and estimated 
and the residue distance of the link is detected (S218) . 

[0057] Specifically, referring to PIG. 5, if the moving 
object M moves through a visible region A, a shadow area B and a 
visible region C in the traveling direction of the moving object, 
the length {di + d2 - Ldl) of the link LI bridging between 
arbitrary interpolated points Pa . and . Pb positioned in the 
traveling direction of the moving object (Pm -> Pm' ) is 
calculated and the distance between the previous interpolated 
point Pa and the reference point Pm is subtracted (Ldl - dl = d2) 
from the length (dl + . d2) of the link so that the residue 
distance (d2) of link , is obtained. Here, the residue distance 
(d2) of the link is the distance • from the reference point Pm to 
the interpolated point Pb, and the criterion to determine whether 
the moving object is . on the link Li or between the two 
interpolated points Pa arid Pb, Here, two interpolated points are 
bridged by the link and ' the interpolated point is a point 
bridging ■ two links . The length of the link' is the distance 



between the interpolated points and the residue distance of the 
link is equal to the distance between the interpolated points or 
greater than or equal to zero. 

[0058] Here, it is determined whether the moving object Pm' 
that is traveling in the region B is on the link LI (S220) . In 
other words, the residue distance d2 of the link is compared with 
the moving straight distance d2 . + d3 of the moving object. If 
the residue distance. d2 of the link is greater than or equal to 
the moving straight distance d2 + d3 of the moving object, it is 
recognized that the moving object M is on the corresponding link 
Ll. If the residue distance d2 of the link is less than the 
moving straight distance d2 +. d3 of the moving object, it is 
recognized that the moving object M is out of the corresponding 
link Ll and is on another, link, that is, L2 or other interpolated 
points Pb and Pe, so that it can be determined clearly whether 
the moving object is on the next link L2 . 

[0059] Here, if the moving object is not on the link, the 
value obtained by subtracting the residue distance d2 of the link 
from the moving straight distance (= d2 + d3) is set to be the 
residue moving straight distance (= d3) of the moving object 
(S222) . In other words, the moving straight distance (= moving 
straight distance - link, residue distance) is calculated and it 
proceeds to the step S218 . The interpolated points Pb and Pc in 
the calculated residue moving straight distance d3 and another 



link L2 are estimated and the distance to the interpolated points 
Pb and Pc is detected (S218) . Here,, the distance to the next 
interpolated point corresponds to the distance (Ld2) of the link 
bridging the interpolated points Pb and Pc other than reference 
point . 

[0060] Here, it is determined whether the moving object is on 
the next link L2 (S220) . in other words, the residue moving 
straight distance (d3) of the moving object is compared with the 
distance <Ld2) of the new link.. If the distance (Ld2) of the 
next link is greater than or equal to the residue moving straight 
distance (d3) of the moving object, it is estimated that the 
moving object is on the corresponding link. However, if the 
moving object is not oil the corresponding link, it is determined, 
again whether the moving object is on another link in the residue 
moving straight distance of the moving object that is obtained by 
subtracting the distance of the corresponding link as described 
above . 

[0061], if it is . determined that the moving object is on the 
estimation link L2, the location data (coordinates) of the 
interpolated points Pb and Pc connected to the corresponding link 
Ld2 are detected and the coordinates of the detected interpolated 
points and attitude, angle of the estimated link are calculated 
(S216) . 

.[0062] Two interpolated points Pb and Pc connected to the 
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link L2 on which the moving object is determined to be, for 
example, the previous interpolated point Pb connected to the 
front of the link in the traveling direction of the moving object 
and the next interpolated point Pc connected to the rear of the 
link in the traveling direction of the moving object are detected. 
The corresponding location data (longitude, latitude) are 
calculated by means of Equation 3 by using the corresponding 
location coordinates of the previous and next interpolated points, 
the attitude angle of the. link and the speed of the moving object. 
[0063] [Equation 3] 

Longitude = longitude of previous interpolated point + 
speed of moving object *. sin(attitude angle of link) * time (sec) 
Latitude - latitude of previous interpolated point + 
speed of moving object * cos (attitude angle of link) * time (sec) 
Where, the longitude and the latitude of the estimated 
data can be obtained from the longitude and the latitude of the 
next interpolated point backwards. 

[0064J The moving location data of the moving object in the 
shadow area can be estimated using the coordinates of the 
interpolated points, the residue moving distance (d3) of the 
moving object, the distance. (Ld2) of the link and attitude angle 
(02) of the link (S228) . The calculated estimated location data 
is set to be the reference to another estimation moving location 
(S230) , so that the moving location of the moving object in the 



shadow area can be estimated using the speed during another 
estimation time, the moving straight distance, estimated 
interpolated point and. link/ and. attitude angle of the estimation 

' link.. 

[0065] More particularly, the present invention will be 
described below with reference to FIGs. 5 and 6. 

[0066] Referring to FIGs.. .5 and 6, if the moving object M 
moves from a visible . region A to a shadow area B, the first 
interpolated point Pa is positioned in the visible region A and 
the second interpolated point Pb is positioned in the shadow area 
B. The third interpolated point Pc is positioned in the visible 
region C. This is the case that the moving object moves to the 
shadow area (Pm -> Pm' ) . The first link (LI) bridging the first 
interpolated point Pa and the second interpolated point Pb, the 
second link (L2) bridging the second interpolated point Pb and 
the third interpolated point Pc, coordinates of the interpolated 
points Pa, Pb and Pc and the distances (Ldl and Ld2) of the links 
LI and L2 are structured to be database on the digital numeric 
map . 

[0067] Therefore, when the moving object enters the shadow 
area B, the last map-matching location Pm of the visible region 
is obtained and referred to as a reference point. The moving 
straight distance that the moving object can- move (Pm -> Pm' ) in 
unit time. The link distance (dl). from the reference point Pm of 



the moving object to • the first interpolated point Pa is 
subtracted from the distance (Ldl) of the first link Li to obtain 
the residue distance (d2) of the first link. The residue 
distance (d2) of the first link is compared with the moving 
straight distance (d2 + d3.) . of the moving object, so that it can 
determined whether the estimated location of the moving object is 
on the first link. • 

[0068] If the moving object is not on the first link, the 
residue distance (d2) of the first link is subtracted from the 
moving straight distance (d2 + d3) of the moving object to obtain 
the residue moving straight . distance (d3) . • The second link Ld2 
connected to the second interpolated point Pb and the third 
interpolated point Pc that is. the. end of the second link Ld2 are 
obtained. The residue moving straight distance (d3) is compared 
with the distance (Ld2) of the second link L2 . If the distance 
(Ld2) of the second link L2 is longer than or equal to the 
residue moving straight distance (d3) , it is determined that: the 
moving object Pm' is on the second link L2. 

[0069] Then, the location data of the moving object are 
calculated using the residue distance (d3) of the moving object 
Pm* , the distance (Ld2) of the estimated second link, coordinates 
.of the second and third . interpolated points Pb and Pc, and the 
due north reference angle of the second link as shown in PIG. 6. 
Here, the estimated location is set to be reference point. 
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[0070) m other words, . supposing that the length of the first 
link, the length of the. second link and the distance from the 
first interpolated point to the last map-matching location are 5 
m, 8 m and 2 m and the speed of the moving object is 10 m/sec, 
the distance between the last map-matching location and the 
second interpolated point is d2 = 5m-2m = 3m. Here, since 
d2 (= 3 m) is less than the : moving straight distance (10 m) , it 
is determined whether the moving object is on another link with 
the residue moving straight distance (= d3) obtained by 
subtracting the residue distance (d2) of the first link LI. 

10071] Here, since the residue moving distance (d3 = 7 m) is 
less than the length (8 m) of the second link, it is determined 
that the moving object Pm" is on the second link. Accordingly, 
the coordinates of the corresponding interpolated points of the 
second interpolated point Pb and. the third interpolated point Pc 
connected to the second link L2 are detected. The corresponding 
location data (longitude, latitude) of - the moving object -are 
calculated using the corresponding coordinates of the detected 
interpolated points, the attitude angle of the second link L2 and 
the speed of the moving object. The detailed calculation method 
will be described referring to FIG. 6. 

[0072] As shown in FIG. 6, the residue distance (d3) that the 
moving object moves from the second interpolated point Pb is 
calculated using the . speed, of the- moving object at the second 
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interpolated point Pb. The attitude angle 02 between the 
direction to the due north and the second link L2 is calculated. 
The corresponding location data (longitude, latitude) are 
calculated by substituting the. • calculated distance (d3) and the 
attitude angle into [Equation 4] as follows. 
10073] [Equation 4] 

Longitude = longitude of Pb + moving distance (d3) * 

cos (©2) 

Latitude = latitude of Pc + moving distance (d3) * sin(© 

2) 

where estimation can be performed referring to the third 
interpolated point Pc other than the location data of the second 
interpolated point Pb. 

[0074] Similarly, in the. present invention, when estimating 
the moving location of the moving object moving from the visible 
region to the shadow area, location of the moving object moving 
to the shadow area can be estimated step by step using the 
parameters such as last map ^matching location data in the visible 
region, attitude of link, speed of moving object, interpolated 
points and distance of link. 

[0075] As described above, according to the method of the 
present invention, the location of the moving object is estimated 
using the parameters such as moving distance according to speed, 
length of link, attitude angle, interpolated points with 



reference to the last map-matching location data, in a shadow area, 
so that the -reliability of the navigation system can be improved. 

[0076] The location of the moving object can be estimated 
exactly using the speed of the moving object and the digital 
numeric map in the shadow area. The cheap moving object having 
no direction sensor such as a gyro or. an electronic compass for 
the dead reckoning technique in the shadow area can exactly 
estimate the location of the. moving object by using the speed of 
the moving object. 

[0077] It will be apparent to those skilled in the art that 
various modifications and variations can be made in the present 
invention. Thus, it is intended that the present invention covers 
the modifications and variations of .this invention provided they 
come within the scope of the appended claims and their 
equivalents . 
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